The intensive investigations of recent years into the incidence of congenital malformations have largely ignored inguinal hernia. This is surprising in view of its common occurrence and the generally accepted belief that it is congenital in origin even when not apparent at birth. This paper gives an estimate of the present incidence of inguinal hernia in children in Newcastle upon Tyne and considers certain factors which may influence the risk of its occurrence.
Material
Almost all children in Newcastle who require hospital care, together with many from surrounding districts, receive it in one of the units associated with the University Department of Child Health. The main material for the present analysis consists of all Newcastle children who had not reached their twelfth birthday and who were admitted to one of these units between 1953 and 1957 for surgical repair of an inguinal hernia. Secondary repair following recurrence and operations in the same child upon a second hernia were excluded, together with femoral, incisional, hiatal and other types of hernia. Surgical repair is therefore part of the definition used for the present purpose. This main group supplied a measure of incidence and of the variation of the risk with age.
One unit recorded with sufficient consistency for analysis the birth rank and birth weight of the affected child and the age of the mother. A consecutive series of 200 children treated for inguinal hernia at this unit was used in assessing the relevance of these factors; 40 of these were also included in the main group and the remaining 160 were from outside the city or, if from Newcastle, were admitted before 1953.
Finally, since there was uncertainty about the existence of a seasonal variation in the birth dates of affected children, the date of birth was reviewed in a much larger number of children treated for hernia and falling outside the two groups described above.
Results Incidence. There were 229 Newcastle children treated for inguinal hernia before their twelfth birthday in the five years 1953 to 1957. They are presented according to the year of operation and year of birth in Table 1 . Table 2 ) these denominators are halved. When this has been carried out for each of the oblique totals, the results may be added to give an overall estimate of incidence which is unaffected to any serious extent by interaction between the age incidence of operation and the waxing and waning of the birth rate over the period concerned. The details are given in Table 2 where it is shown that the incidence of repaired inguinal hernia in Newcastle children surviving to the age of 12 is 10-2/1,000. The 95% confidence limits of this estimate are 9-0/1,000 and 11-4/1,000. Since the disease occurs much more frequently in boys than in girls (M/F approx. 12/1) an alternative expression of incidence would be 19 per 1,000 boys. Clearly, these estimates refer to the number of children who survive for 12 years and get a hernia, and the proportion of children under 12 affected at any one time will be less.
Age Incidence. The dates of operation, birth and reputed onset of the hernia were recorded with sufficient accuracy to state the exact age at operation in 226 of the 229 children, and the exact age at onset in 191. The distributions are given in Table 3 figure. The interrupted line in the figure indicates the age at delivery was calculable. The distribution how the line might proceed if the mean waiting time is given in Table 4 Table 5 and seen at one unit 15 were female. The male/female compared with figures for England and Wales in ratio was 12-3:1.
1952 (Registrar-General, 1952 Table 6 also compares in terms of birthweight children whose hernias were first noted before the first birthday with those noticed afterwards. The mean birthweight of the first group was 6-97 lb. and of the second group 7-62 lb. The difference of 0-65 lb. is statistically significant (P<0 005).
We can compare this group with 429 normal boys born in Newcastle who were the subject of another investigation (Miller, Court, Walton and Knox, 1959) , and whose mean birthweight was 7-43 lb. Considering differences in the method of recording, this is reasonably close to the higher of the previous two figures, but well above the lower one. We can therefore fairly conclude that a high risk of infantile hernia is associated with a low average birthweight.
Birthweight is known to rise with birth rank and this recalls the apparent (although not significant) increased risk of hernia in early birth ranks (see Table 5 ). It is natural to ask if either the birth weight or birth rank association could be secondary to the other. There is evidence on this point from two sources.
First we have the data of the 429 normal boys analysed by birth rank; in this sample the mean weight of first children was 7-23 lb. and of later children 7-58 lb. The difference between mean birthweights detected by analysis in terms of the timing of a hernia (0 65 lb.) was therefore greater than that detected in a normal sample by means of birth rank (0 35 lb.). This suggests that birthweight rather than birth rank was the factor more directly associated with altered risk of infantile hernia. Secondly, and more directly, the children with hernias did not demonstrate a correlation between birth rank and the timing of the hernia. The distribution by birth rank and time of onset in the children in whom both were recorded is given in Table 7 . There are therefore double grounds for regarding the association between low birthweight and increased risk of infantile hernia as primary.
Season. The possibility of a seasonal variation in dates of birth was examined. Figures are given in Table 8 for children in the samples already described together with a supplement of extra children whose notes were scanned in the course of extracting data but who were rejected because they fell outside the time and geographical limits set. There was no evidence of a seasonal variation.
Discussion
There are two aspects of the technique of measurement used in this assessment which might have affected the result. The first is a presumed existence at the age of 12 years of hernias which have not yet come to operation, but reasons for regarding the number as small have been given. The second is that hernia defined in terms of repair precludes those which might have disappeared spontaneously. Most paediatricians and surgeons in Newcastle believe that inguinal hernias do not often resolve spontaneously and so most children reaching hospital come to operation. But general practitioners and parents may not all share this belief and in some children reaching an out-patient department with a symptomless hernia treatment may well be postponed until they have reached a more suitable age for hospital admission. We cannot therefore ignore the possibility that the natural history of the disease may be such that as an estimate of total incidence the present figure is too low. Paterson and Gray (1927) , for example, stated that as many as 24% of hernias in children resolved spontaneously.
ARCHIVES OF DISEASE IN CHILDHOOD
as expressing a reduced rate of remission as a high rate of occurrence.
There do not seem to be any recent estimates of incidence in known populations of children with which the present estimate can be compared. Keith (1923) estimated that the prevalence of hernia among males of all ages was 20 per 1,000 living, a figure which is reached in Newcastle at the present time among boys surviving to early adult life. Keith's statement of age incidence is difficult to follow but suggests that his estimate of incidence in children is very much less than the current one. Edwards' more recent (1943) estimate of the incidence in adult males (143 of 1,300 service recruits aged 35 to 36) strongly suggests that Keith's estimates were based on a low degree of ascertainment. Collins (1938) supplies some relevant information and from his data may be calculated cumulative incidences of 2-7, 6& 2 and 7 1 per thousand children at ages 5, 10 and 12 respectively. These rates, however, were based on only 43 hernia operations at all ages, and the number occurring in childhood, although not given, is obviously small. Landers (1938) , estimating the incidence of hernia in adults, found an incidence of 16 per 1,000 males aged 16 to 20 years, but once more this was based on small numbers, five cases among 320 examined.
The present estimates of age incidence therefore show no serious discrepancies from the few valid estimates which have already been made, and are presented with some confidence in their relative precision. The only serious objections are the methodological ones which have already been presented; but the figures given stand firmly as minimum incidences and for most purposes, certainly at the earlier ages, can be regarded as absolute measures.
I have not been able to find any previous examination of possible relationships between hernia and the factors tested here except the sex ratio of the disease, which is of course well known, and the preponderance of right over left sided hernias. Paterson and Gray (1927) in their series found 696 males and 77 females and quote another earlier survey with 906 males and 94 females. The M/F ratio in these two series combined is 9 4:1. The same two series included 1,344 right and 647 left hernias, a ratio of 2 1 :1 compared with the present estimate of 1 95:1. Summary The incidence of inguinal hernia coming to operation was measured in Newcastle children between 1953 and 1957 and found to be 10-2 per 1,000 children of both sexes surviving to their twelfth birthday. The highest rate of onset was in infancy and it fell steadily in succeeding years.
Among possible aetiological factors tested, maternal age and season of birth had no detectable effect and birth rank a doubtful one. The latter may have been secondary to an effect of birthweight: low birthweight was associated with a high incidence of onset in infants but not in older children.
